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0 High stiffness propylene polymer composition. 

® A high stiffness propylene polymer composition comprising 100 parts by weight of a crystalline propylen 
homopolymer or crystalline ethylene-propylene block copolymer having a specific molecular weight distribution 
and a specific isotactic pentad ratio and from 0.01 to 1 part by weight of a phosphate compound represented by 
formula (I) wherein R.. Rj, Ri, M and n are as defined in the specification. The composition is excellent in post- 
processat)ility of a sheet when molded into a sheet blow moldability. stiffness, and heat distortion resistance. 
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HIGH STIFFNESS PROPYLENE POLYMER COMPOSITION 



HELD OF THE INVENTION 

This invention relates to a propylene polymer composition having high stiffness and high melt visco- 
5 elasticity, and more particularly, to a high stiffness and high melt viscoetasticity propylene polymer 
composition having markedly improved stiffness and heat distortion resistance. 

BACKGROUND OF THE INVENTION 

10 

Propylene polymers generally have excellent moldability. chemical resistance, and electrical and 
mechanical properties and have thus been used in various applications in the form of injection molded 
articles, blow molded articles, films, sheets, and fibers. However, sheets obtained from propylene polymers 
encounter various problems on post-processing, such as rapid sagging on thenmofbrming, narrow ranges of 

75 post-processing conditions, low post-processing effidencies, large sags in case of using a wide sheet for 
thenmoforming, tendency to produce formings having a non-uniform thickness or wrinkles on tiie lap, and 
the like. Therefore, the state-of-the-art propylene polymer sheets for post-processing have been utilized 
only for producing small-sized articles. Further, when propylene polymers are blow molded, the molded 
articles have a non-uniform thickness due to a large draw-down of a parison at the time of molding so that 

20 application of blow molding process has t>een limited to production of small-sized articles. Use of high- 
molecular weight propylene polymer in blow molding in order to prevent such draw-down tends to 
deteriorate fluidity, increase a molding load, incur a great energy loss, and cause mechanical troubles upon 
molding, and also the resulting molded articles suffer serious surface roughening which would impair a 
commerdal value of the, products. 

25 Moreover, the propylene polymers are limited in their application t)ecause they fail to satisfy property 
requirements as demanded in some applications. In particular, they are inferior to a polystyrene resin, an 
ABS resin, a polyester resin, etc. in terms of stiffness properties, such as stiffness and heat distortion 
re^'stance. which has constituted a serious hindrance to broadening of application of the propylene 
polymers. Accordingly, an improvement in stiffness properties would lead not only to reduction of wall 

30 ttiickness of molded articles whk:h contributes to saving of resources but also to speeding up of cooling of 
molded articles which contributes to increase of molding rate per unit time, i.e., productivity rate. 

In addition, molded articles of the propylene polymers do not always exhibit sufficient impact resistance 
and are, tiierefbre, unsuitable for use under impact or in low temperatures. In general, since stiffness 
properties of plastic materials including stiffness and heat distortion resistance are inconsistent with impact 

35 resistam:e, rt is often quite difficult to effect improvement on both of these properties at the same time. 
Hence, it has been keenly demanded to improve not only impact resistance but stiffness properties of the 
propylene polymers to thereby extend ttie application thereof and the demand tiierefor. Improvements in 
these physical properties would make tt possible to apply propylene polymers to fields where other general- 
purpose resins. e.g., a high-impact polystyrene (HIPS) resin and an ABS resin, are employed. 

40 Several attempts have been made to increase impact resistance of propylene polymers. In particular, it 
is well known to block copolymerize propylene with ethylene. The resulting ethylene-propylene block 
copolymer, however, shows considerably decreased stiffness properties although it has greatly increased 
low temperature impact resistance, as compared with a propylene homopolymer. 

In an attempt of improving the at)ove-mentioned post-processability of a sheet, blow moldability, and 

45 stiffness properties of propylene polymers, the inventors previously proposed a propylene homopolymer 
having a specific molecular weight distribution and a specific isotactic pentad ratio as disclosed in Japanese 
Patent Application (OPI) No. 219207/83 (the tennrt "OPt" as used herein means "unexamined published 
Japanese Patent Application"). The inventors also proposed an thylene-propylene block copolymer having 
a specific molecular weight distribution which is obtained by polymerization in the presence of a specific 

50 catalyst as disclosed in Japanese Patent Application (OPI) No. 149711/87. Further, it is well known to 
incorporate an organic nucleating agent, e.g., aluminum p-t-butylbenzoate. 1«3,2*4-dibenzylidene sorbitol, 
etc., into propylene polymers for the purpose of improving stiffness properties. 

Th atx)ve-described propylene homopolymer having a specific molecular weight distribution and a 
specific isotactic pentad ratio or ethylene-propylene block copolymer having a specific molecular weight 
distribution exhibits satisfactory post-processability of a sheet and blow moldability for practical use. but its 
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stiffness properties are still unsatisfactory afthough relatively improved. A composition obtained by incor- 
porating the above-described organic nucleating agent into such a propylene homopolymer or ethylene- 
propylene block copolymer (h reinafter refenred to as "propylen polymer composition") shows consider- 
abl improvements of stiffness properties but is still unsatisfactory for use in applications demanding high 
5 stiffness and heat distortion resistance. 



SUMMARY OF THE INVENTION 

70 One object of tills invention is to provide a propylene polymer composition which is markedly excellent 
in post-processability of a sheet when molded into a sheet, blow moldability. stiffness, and tiiermal 
distirotion resistance. 

The inventors have conducted intensive and e)ctensive investigations in order to overcome the 
disadvantages associated with the aJbove-described composition comprising a propylene homopolym r or 

75 ethylene-propylene block copolymer and a nucleating agent As a result it has now been found that these 
problems can t>e settied by compounding a phosphate compound represented by formula (I) shown below 
into a propylene homopolymer or ethylene-propylene block copolymer having a specific molecular weight 
distribution and a specific isotactic pentad ratio (P). The present invention has been completed based on 
this finding. 

20 Formula (I) is represented by 




wherein R, represents a single bond, a sulfur atom or an aikylidene group having from 1 to 4 carbon atoms; 
R, and Rj, which may be the same or different each represents a hydrogen atom or an alkyi group having 
from 1 to 8 cart}on atoms; M represents a mono-to trivalent metal atom; and n represents an integer of from 
^ 1 to 3. 

The present invention relates to a propylene polymer composition comprising 100 parts by weight of a 
crystalline propylene homopolymer obtained by polymerizing propylene in at least two stages in such a 
manner that from 35 to 65% by weight of ttie total polymer is produced in ttie first stage and from 35 to 
65% by weight of the total polymer is produced in the second and subsequent stages, the polymer portions 
^ produced in tiie respective stages having an intrinsic viscosity [ij] which statisfles relationship (1): 
3.0^hlH-[7,k^6.5 (1) 
wherein h)H is an intrinsic viscosity of a polymer portion having tiie highest molecular weight and hi. is an 
intinsic viscosity of a polymer portion having tiie lowest molecular weight and ttie isotactic pentad ratio 
(P) of ttie total polymer and ttie m It flow rate (MFR) oi ttie total polymer as measured at 230°C under a 
^ load of 2.16 kg satisfying a relationship (2): 
1.00 ^ P i 0.015 logMFR + 0.955 (2) 
and from 0.01 to 1 part by weight of a phosphate compound represented by formula (I): 



55 
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wherein R., R2, Ri, M, and n are as defined above. 

The present Invention further relates to a propylene polymer composition comprising 100 parts by 
weight of a crystalline ethylene-propylene block copolymer obtained by copolymerization in two steps in 
such a manner that in the first step propylene or a mixture of propylene and not more than 1% by weight of 
ethylene is polymerized in at least three stages* with a polymer (A) mainly comprising propylene produced 
in the first step occupying from 60 to 95% by weight of the total polymer, and subsequently in the second 
step ethylene or a mixture of propylene and not less than 10% by weight of ethylene is polymerized in one 
or more stages, with a polymer (B) mainly comprising ethylene produced in the second step occupying 
from 5 to 40% by weight of the total polymer, said ethylene-propylene block copolymer having an ethylene 
content of from 3 to 20% by weight t>ased on the total polymer, each polymer portion produced in each 
stage of the first step having such a molecular weight that the melt fiow rate (MFR) as measured at 230'e 
under a load of 2.16 kg satisfies relationship (3): 



30 



MFR 



log 



MFR 



^1.0 



(3) 



n+l 



35 wherein MFRn is an MFR of a polymer portion produced in the nth stage; and MFRa^i is an MFR of a 
polymer portion produced in the (n + 1)th stage, and the polymer (A) produced in the first step having an 
isotactic pentad ratio (P) and an MFR satisfying relationship (2), and 0.01 to 1 part by weight of a phosphate 
compound represented by formula (0- 

40 

DETAILED DESCRIPTION OF THE INVENTION 

The propylene homopolymer which can be used in the present invention can be prepared by the 
process described in Japanese Patent Application (OPI) No. 219207/83. In more detail, the propylene 

46 homopolymer can be obtained by homopolymerizing propylene in at least two stages in the presence of a 
specific catalyst prepared as follows. An organoaluminum compound (i) (e.g., triethylaluminum, 
diethylaluminum monochloride. etc.) or a reaction product (iv) between the organoaluminum compound (i) 
and an electron donator (a) (e.g., diisoamyl ether, eto.) is reacted with titanium tetrachloride (c). and the 
resulting solid product (u) is then reacted with an electiron donator (a) and an electiron acceotor (b) (e.g., 

so titanium tetrachtoride) to obtain a solid product (lit). The resulting solid product (\\\) is combined with an 
organoaluminum compound (w) (e.g., tiiethylaluminum, diethylaluminum monochloride, eto.) and an ar- 
omatic carboxylic ester (v) (e.g., methyl p-toluyiate, eto.) to prepare a catalyst having an aromati'c cart)oxylic 
ester to solid product molar ratio [(v)/pii)] of from 0.1 to 10.0. The term "stage" as u^ herein means each 
division of a monomer which is fed either continuously or batohwise. 

55 The process tor producing the propylen homopolymer will be illustrated t^low taking a two-stage 
production system, the simplest system, tor instance. 

It is preferable that the amount of th polymer portion produced in the first stage (S.) and that in the 
second stag (S2) are approximately equal. More specifically, the proportion of each of (S.) and (S2) ranges 
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from 35 to 65% by weight, and preferably from 40 to 60% by weight, based on the total amount of (S*) and 
(St). If the production ratio of (S.) and (Si) is out of the above range, the resulting crystalline propylene 
homopolymer does not have sufficient mett fluidity, and sufficient keading effects during pelletizing cannot 
be obtained, ultimately resulting in difficulty of obtaining a homogeneous molded article and failing to 

5 achiev a satisfactory improvement in melt viscoelasticity. 

In th propylene homopolymer according to the present invention, a difference of molecular weight 
between ttie individual polymer portions should fall within a specific range as specified by tiie above- 
described relationship (1). Therefore, the condition for polymerization is achieved by controlling the 
concentration of hydrogen in tiie gas phase. That is, an intrinsic viscosity (135°C. in a tetralin solution) of 

70 the polymer portion having the highest molecular weight taken as [riy and that of the polymer portion 
having the lowest molecular weight taken as [n)i: should satisfy relationship (1). Relationship (1) substan- 
tially conresponds to relationship (4): 

togHMFR - 0.922logMFR 2 1 .44 (4) 
wherein HMFR is a melt flow rate (per 10 minutes) as measured at 230**C under a load of 10.80 kg. 

75 If, in relationship (1), fln]^ -{nli) is less tiian-3.0. logHMFR in relationship (4) becomes less than 
(0.922logMFR + 1 .44), which means that the resulting crystalline propylene homopolymer has insufficient 
melt fluidity and that tiie improvement on melt viscoelasticity attained is not sufficient Sheets obtained by 
using such a propylene homopolymer cannot be prevented from sagging during tiiennoforming. To ttie 
conti-ary, if ([nh -(i?k) is nriore than 6.5, the molecular weight difference among polymer portions, .g., 

20 between (Si) and (S^), becomes too large, resulting in non-uniformity of molecular weight among the finally 
obtained propylene homopolymer particles. Molded articles obtained by using such a propylene homo- 
polymer seriously suffer surface roughening. 

The thus obtained crystalline propylene homopolymer according to the present invention usually has an 
MFR between 0.01 g/10 min and 10 g/10 min, and preferably has an MFR between 0.03 g/10 min and 2.0 

25 g/10 min. tf its ^FR is less than 0.01 g/10 min. the polymer have deteriorated melt fluidity upon pelletizing 
or molding processing, uneconomicalty requiring much mechanical power of a pelletizing or molding 
machine, and also the resulting molded articles lose their commercial values due to significant surface 
roughening. On the other hand, if it exceeds 10 g/10 min, the mokled sheet finds difficulty in thermoforming 
due to a great sag. Relationship (1) can be understood as a -guide to design ti)e process for producing a 

30 crystalline propylene homopolymer having a viscoelasticity enough to prevent sagging of a mokled sheet 
obtained therefrom during tiiermofomning or draw-down of a molding material otitained ttierefrom during 
blow molding. Ukewise. relationship (4) is to specify melt fluidity of the crystalline propylene homopolymer. 
The crystalline propylene homopolymer satisfying relationship (1) would satisfy relationship (4). 

In ttie above description with respect to the two-stage polymerization, the intrinsic viscosity is 

3S detemnined at ISS^'C in a tetralin solution, while that in tiie second stage [i^ls is obtained from equation: 
bih ^ Bhl + bht = alt,], + (1-a)[i,I, 
wherein h], is an intrinsic viscosity of the polymer portion produced in the first stage; [nh is an intrinsic 
viscosity of ttie total polymer produced ttirough tiie first and second stages; and a and b each is a 
production ratio of the portion produced in tine first or second stage, respectively. 

40 h], may be hh or [nh- 

MFR is determined at 230**C under a load of 2.16 kg in accordance with JIS K7210. HMFR is 
determined at 230**C under a load of 10.80 kg in accordance with JIS K7210. 

The ethylene-propylene block copolymer which can be used in the present invention can be prepared 
by the process proposed by the present inventors as described in Japanese Patent Application (OPI) No. 

45 149711/87. That is, an organoaluminum compound (vii) (e.g., triethylaluminum, diethylaluminum monoch- 
loride, etc.) or a reaction product (xii) between tiie organoaluminum compound (vii) and an electron doner 
(d) (e.g.. diisoamyl ether) is reacted with titanium tetrachloride (e), and the resulting solid product (viii) is 
further reacted with an electron doner (d) and an electron acceptor (f) (e.g., titanium tetrachtoride) to form a 
solid product (ix). The resulting solid product (ix) is combined witii an organoaluminum compound (x) (e.g.. 

so tri thylaluminum, diethylaluminum monochloride. etc.) and an aromatic carboxylic acid ester (xi) ( .g.. 
methyl p-toluylate, etc.) to prepare a polymerization catalyst having an aromatic carboxylic ester to solid 
product molar ratio [(xi)/(ix)] of from 0.1 to 10.0. The thylene-propylene block copolymer can be prepared 
by copolym rization in two steps in such a manner that in the first step propylene or a mixture of propylene 
and up to 1% by weight of ethylene is polymerized in at least three stages in the presence of the atx)ve- 

55 prepared catalyst, with a polymer (A) mainly comprising propylene produced in ttie first step occupying 
from 60 to 95% by weight based on the total polymer and sut)sequentiy in the second step etiiylene or a 
mixture of propylene and at least 10% by weight of ethylene in one or more stages, witti a~ polymer (B) 
mainly comprising ethylene produced in the second step occupying from 5 to 40% by weight t>ased on the 
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total polymer, said block copolymer having an ethylene content of from 3 to 20% by weight based on to 
total polymer. 

The term "stage" as used herein has the same meaning as defined at)ove. The monomer to be 
polymerized in the first step may further contain butene-1. 4-methylpentene-1, styrene or a non-conjugated 

5 diene in addition to up to 1% by weight of ethylene as long as the polymer (A) produced in the first step 
has a P value falling within th above-specified range. It should be noted, however, that the monomer of the 
first step solely comprises propylene in order to assure high stiffness and high heat distortion resistance of 
the ethyelne-propylene block copolymer. 

The ratio of the polymer (A) should range from 60 to 95% by weight, and preferably from 75 to 90% by 

70 weight, based on the finally obtained ethyelne-propylene block copolymer. 

The monomer to be polymerized in the second step comprises from 10 to 100% by weight and 
preferably from 20 to 70% by weight, of ethylene-. The ratio of the polymer (B) obtained in the second step 
ranges from 5 to 40% by weight and preferably from 10 to 25% by weight based on the finally obtained 
ethylene-propylene block copolymer. In the second step, also, the monomer may further contain small 

7? amounts of other o-oiefins or non-conjugated dienes as in the first step. However, the finally obtained block 
copolymer excluding a soluble polymer dissolved in a polymerization solvent should have an ethylen 
content ranging from 3 to 20% by weight based on the total polymer. Therefore, in cases where only 
propylene is polymerized in the first step at a ratio of 70% by weighty based on the total polymer, the 
polymer (A) obtained in the first step should be block copolymerized with'propylene or propylene and other 

20 o-olefins from which ethylene has been removed as much as possible at a ratio of from 10 to 27% by 
weight based on tiie total polymer so that ttie finally obtained block copolymer may have an ethylene 
content tietween 3% and 20% by weight In cases where propylene is homopolymerized in the first step at 
a ratio of 80% by weight based on the total polymer, the second step may be canied out by polymerizing 
ethylene alone at a ratio of 20% by weight based on the total polymer. 

25 As described above, as long as the limitation of a stage were ethylene can be polymerized and the 
limitation of an ethylene content of the total polymer are met the block copolymerization can be canied out 
by using ethylene either alone or in combination with propylene or other a-olefins through one or more 
stages. 

The ethylene-propylene block copolymer according to the present invention usually has an MFR of 
30 from 0.01 to 100 g/10 min, and preferably has an Mf^ of from 0.03 to 50 g/10 min. In particular uses for 
sheet molding or blow molding, an MFR of from 0.05 to 10 g/10 min, and preferably from 0.10 to 5.0 g/10 
min, is suitable. 

The difference in molecular weight among polymer portions produced in ttiree or more stages of the 

first st^, as expressed in terms of MFR, should satisfy the above-described relationship (3). If the value 
35 log(MFIVMFR„+i) is less ttian 1.0, high melt viscoelastidty as desired cannot be attained. The upper limit 

of tills value is not particularly restricted, but it would be virtually difficult to make it at least 3.0. 

The polymerization ratio of tiie first step to the second step can be determined by measuring a reaction 

ratio of ethylene to propylene in the second step and an ethylene content of the total polymer and applying 

the measured values to a calibration curve which is prepared from previously prepared copolymers having 
40 various ethylene/propylene ratios as standard samples by an infrared spectrophotometry. 

In confirming relationship (3), the MFR value of each polymer portion produced in the respective stage 

of the first step is expressed as follows, taking, tor instance, a three-stage polymerization system. 

MFR,: MFRT of a polymer produced in the 1st stage 

MFR,: MFFT of a polymer produced in the 2nd stage 
45 MFRi: MFW of a polymer produced in the 3rd stage 

MFR, ti MFR of a polymer produced though the 1st and 2nd stages 

MFR, X 3: MFR of a total polymer produced though ttie 1st to 3rd stages. 

W,: Ratio" of the polymer produced in the 1st stage to the total polymer produced in the first step (1st to 
3rd stages) 

50 W,: Ratjo" of th polymer produced in the 2nd stage to the total polymer produced in the first step 
WjT Ratio** of th polymer produced in the 3rd stage to the total polymer produced in th first step 
W, + Wa + = 1.0 

Note: Obtained by sampling and acutoal measurements. 

**: Detormined by measuring a titanium content in the polymer portion by X-ray fluorometry. 
55 MFR2 and MFR, can be obtained from equations: 
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The terminology "isotactic pentad ratio" as used herein means an isotactic ratio in pentad unit of the 
propylene polymer molecular chain as detenmined by the method described in Macromolecules , Vol. 6, No. 
6. November-December, 925-926 (1973), that is, using '^C-NMR. In other words, the isotactic pentad ratio 
means a fraction of propylene monomer units in which five propylene monomer units are connected through 
an isotactic linkage. Assignment of spectrum peaks as measured using *%-NMR as descrit)ed above is 
made by the method described in Macromolecules, Vol. 8, No. 5, September-October. 687-689 (1975). In 
the examples hereinafter given. Integrating measurements using the ^^C-NMR were made 27,000 times by 
the use of an FT-NMR 270 MHz apparatus under such a condition that the signal detection limit was 
increased to 0.001 in terms of isotactic pentad ratio. 

In the propylene polymer of the present invention, the relationship between isotactic pentad ratio (P) 
and melt flow rate (MFR) is specified by relationship (2) with the intention of setting the lower limit of P 
corresponding to MFR of the propylene polymer to be used because, in general, P decreases as MFR 
becomes lower in the propylene polymer. Since P is a ratio, its upper limit is 1.00. 

The MFR in the at>ove-described relationship is detemnined at 230''C under a load of 2.16 kg in 
accordance with JIS tC7210, and the above-described ethylene content is detenmined by infrared spec- 
trophotometry. 

In so far as the effects of the present invention are not impaired, the crystalline propylene homopolym r 
or ethylene-propylene bkwA copolymer which can be used in the present invention may be used in 
combination with conventional propylene polymers, such as a propylene homopolymen crystalline random 
or block copolymers of propylene and one or more of o-olefins. e.g., etiiylene, butene-1, pentene-1, 4- 
mettiyl-pentene-1 , hexene-1, cxnene-l, and the like; a copolymer of propylene and vinyl acetate, acrylic 
ester, etc. or saponification products of such a copolymer; a copolymer of propylene and an unsaturated 
carboxytic add or an anhydride ttiereof or a reaction product of such a copolymer and a metal ion 
compound; a modified propylene polymer obtained by modifying a propylene polymer with an unsaturated 
carboxylk: acid or a derivative thereof; and tiie like. In addition, ttie propylene polymer of the present 
invention can also be used in combination with various synthetic rubbers (e.g., an ethylene-propylene 
copolymer rubber, an ethytene-propylene-non-conjugated diene copolymer rubber, polybutadien , 
polyisoprene, chlorinated polyethylene, chlorinated polypropylene, a styrene-butadiene rubber, a styrene- 
butadiene-styrene block copolymer, a styrene-isoprene-styrene block copolymer, a styrene-ethylene- 
butylene-styrene block copolymer, a styrene-propylene-butylene-styrene block copolymer, etc.) or thermo- 
plastic synthetic resins (e.g., polyolefins excluding propylene polymers, such as polyethylene, polybutene, 
poly-4-m6thylpentene-1, etc.; polystyrene, a styrene-acrylonitrile copolymer, an acrylonitrile-butadiene- 
styrene copolymer, polyamide, polyethylene terephttialate, polybutylene terephthalate, polyvinyl chloride, 
etc.). In the combined use. the mixture comprising the crystalline propylene homopolymer of the present 
invention should meet relationships (t) and (2). and ttie mixture comprising tiie crystalline etiiylene- 
propylene block copolymer of the present invention should meet relationships (2) and (3). 

specific examples of ttie phosphate compound represented by formula (I) which can be compounded 
into til above-described propylene polyi.ier include sodium 2,2'-methylenebis(4,6-di-t-butylphenyl)- 
phosphale, sodium 2^-etiiy!idenebis(4,6-dl-t-butylphenyl)phosphate, littiium 2,2'-mettiylenebis(4.6-di-t-butyl- 
phenyl)phosphate. lithium 2,2'-ethylidenebis(4,6-di-t-butylphenyl)phosphate, sodium 2,2'-ethyliden bis(4- 
isopropyl-6-t-butylphenyl)phosphate, litiiium 2.2'-metiiylenebis(4-mettiyl-6-t-butylphenyl)phosphate. littiium 
2.2'-methylen bis(4-ethyl-6-t-butylphenyl)phosphate. calcium bis[2.2'-tfiiobis(4-m tiiyl-6-t-butylph nyl)- 
phosphate], calcium bis[2.2'-ttiiobis(4-etiiyl-6-t-butylphenyl)phosphate]. calcium bis(2,2'-thiobi5(4,6-di-t-butyl- 
phenyOphosphate], magnesium bis(2,2'-tiiiobis(4,6-di-t-butylphenyl)phosphate]. magnesium bis[2,2'-thiobis- 
(4-t-octylphenyl)phosphate], sodium 2,2'-butylidenebis(4.6-dimetiiylphenyl)phosphate, stodium 2.2'- 
butylid nebis(4,6-di-t-butyIphenyl)phosphate. sodium 2,Z-t-octylmetiiylenebis(4.6-dimethylphenyl)- 
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phosphate, sodium 2^-t-octyfm thyl8nebis(4,6-di-t-butylphenyl)phosphate, calcium bis[2^-methyienebis- 
(4,6-di-t-butylphenyl)phosphate], magnesium bis[2,2'-methylenebls(4.6-dl-t-butylphenyl)phosphate], barium 
bis[2,2'-methylenebis(4,6-di-t-butylphenyl)phosphate], sodium 2,2'-methylenebis(4-methyl-6-t-butylphenyl)- 
phosphate, sodium 2,2'-methylenebis(4-ethyl-6-t-butylphenyl)phosphate, sodium (4,4'-dimethyl-6,6'-di-t- 

5 butyl-2,2'-biphenyl)phosphate, calcium bis[(4,4'-dimethyl-6,6'-di-t-butyl-2^-biphenyl)phosphate], sodium 2 
,2'-ethylidenebis(4-secbutyh6-t-butylphenyl)phosphate, sodium 2^-methylenebis(4,6-dim8thylphenyl)- 
phosphate, sodium 2,2'-methylenebis(4,6-diethylphenyl)phosphate. potassium 2,2'-Gthylidenebis(4,6-di-t- 
butylphenyl)phosphat0, calcium bis[2.2'-ethylid8nebis(4,6-di-t-butylphenyl)phosphate]. magnesium bls[2,2'- 
ethylidenebis(4,6-di-t4>utylph8nyl)phosphate], barium bis[2,2'-ethylidenebis(4,6-di*t*butylphenyl)phosphate]. 

10 aluminum tris[2^-methylenebis(4,6-dl-t-butylphenyl)phosphate], aluminum tris[2,2'-ethylidenebis{4,6-dl-t' 
butylphenyOphosphate], and mixtures of two or more thereof, with prefenred example being sodium 2^- 
methylenebis(4,&<li-t-butylphenyl)phosphate. 

The compounding ratio of the compound of fonmula (I) in the propylene polymer ranges from 0.01 to 1 
part by weight and preferably from 0.05 to 0.5 part by weight per 100 parts by weight of the propylene 

75 polymer. If it is less than 0.01 part by weight the effects of improvrng stiffness and heat distortion 
resistance cannot be produced sufficiently. Compounding ratios exceeding 1 part by weight are permissive 
but bring about no further improvement or rather bad eoDnomy. 

If desired, the propylene polymer composition according to the present invention may further contain 
various additives commonly compounded into propylene polymers. Such additives include phenol, thioether 

20 or phosphoais antioxidants, light stabililzers, clarifiers. nucleating agents, lubricants, antistatic agents, anti- 
fogging agents, anti4Dloclcing agents, anti-dripping agents, pigment metal deactivators (copper deac- 
tivators), radical generators (e.g., peroxides), dispersants or neutralizing agents (e.g., metallic soaps), 
inorganic fillers (e.g., talc, mica. clay, wollastonite, zeolite, asbestos, calcium carbonate, aluminum hydrox- 
ide, magnesium hydroxide, silicon dioxide, titanium dioxide, zinc oxide, magnesium oxide, zinc sulfide. 

25 barium sulfate, calcium silicate, glass fibers, carbon fibers, carbon black, potassium titanate. metal fibers, 
etc.), the inorganic fillers having been subjected to surface treatment with coupling agents (e.g., silane-. 
titanate*. boron-, aluminate-and zircoaluminate-based). and organic fillers (e.g., wood flour, pulp, chip of 
usBd paper, synthetic fibers, natural fibers, etc.). Addition of the above-enumerated inorganic fillers, and 
preferably talc, is effective to furtiier ensure improvements on stiffness and heat distortion resistance of tii 

30 composition and, therefore, particulariy preferred. The amount of talc to be added is from 3.5 to 25 parts by 
weight and preferably from 5.0 to 20 parts by weight, per 1 00 parts by weight of tiie propylene polymer. 
The talc to be used preferably ha$ an average particle size of not more than 5 um. 

The propylene polymer composition of tiie present invention can be obtained by mixing the crystalline 
propylene homopolymer or crystalline ethylene-propylene block copolymer with prescribed amounts of the 

3S phosphate compound of formula (I) and, if desired, other additives by means of usual mixing devices, such 
as a Henschel mixer (trademark), a super mixer, a ribbon blender, a Banbury mixer, eto., and melt-kneading 
and pelletizfng the resulting mixture at a temperature of from 170**C to 300**C, and preferable from 200*C 
to 250°C, by means of usual kneading machines, e.g., a ^ngle-screw extruder, a twin-screw extruder, 
Brat)ender Plastograph, a roll mill, etc The thus prepared composition can be mokled Into desired molded 

40 articles by various molding techniques, such as injection mokiing, extrusion molding, blow molding, and the 
like. In particular, the composition of the present invention prove markedly effective when used for the 
production of forming stocks in the tofm of sheet or blow molded articles. 

The phosphate compounds represented by formula (I) ger se are well known in tiie art as serving as 
nucleating agents to improve stiffness and heat distorsion resistance as disclosed in Japanese Patent 

45 Application (OPI) No. 1736/83. It has t>een turned out however, that the combination of the compound of 
formula (I) and the propylene polymer having a specific molecular weight distribution and a specific isotactic 
pentad ratio (P) as described above, surprisingly produces synergistic effects that can never be anticipated 
from the conventionally known use as nucleating agent thus providing polymer compositions having 
markedly excellent stiffness properties including stiffness and heat distortion resistance. 

50 Th compositions in accordance with the present invention are, in comparison with the conventional 
propylene polymer compoisitions fmving incorporated ttierein various nucleating agents, (1) excellent in 
stiffness and heat distortion resistance, (2) contributive not only to saving of resources due to possibility of 
reducing a wall tiiickness of molded articles but to improvement of productivity (molding rate per unit time) 
owing to possibility ^of increasing a cooling rate, and (3) suitabi for use in wider applications where 

55 polystyrene, high-impact polystyren , an ABS resin, polyester, etc. have hitherto been employed. 

Th present invention is now illustrated in greater detail with reference to Examples. Comparative 
Examples, and Preparation Examples, but It should be understood that tiie present inv ntion is not 
construed as being limited thereto. In these examples, all the parts and percents are by weight unless 
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otherwise indicated. 

Evaluations of vanous properties were made in examples according to the following test methods. 



5 1. Post-processability of Sheet in Vacuum Fonming: 

Pellets obtained were molded by extrusion into a sheet of 60 cm wide and 0.4 mm thick and cut to a 
size of 40 cm ^ 40 cm. The resulting test specimen was fixed to a clamping frame having a size of 40 cm 
^ 40 cm under tension and placed in a thenmostat at 200**C. As the sheet was heated, the central portion 
70 thereof began to sag. From a certain point the sagging portion of the sheet began to return to its original 
position due to themnal shrinkage. Thereafter, the sheet began to sag again. 

(a) The sag (mm) immediately before the sagging sheet started to return to its original position was 
measured as a maximum sag. 

(b) The height (mm) from the lowest to the highest of the position of tiie sheet resulted from the 
sagging followed by returning Into place was measured as distortion. A maximum retum percentage (%) 
was obtained by dividing the distortion by tiie maximum sag and multiplying the quotient by 100. 

(c) The time period (sec.) required for the sagging sheet once having retumed into place to the 
maximum degree to sag again by 10 mm was measured as retention time. 

A sheet having a small maximum sag, a high maximum retum percentage, and a long retention time is 
20 appreciated as having satisfactory fbrmability (vaccum fbrmability). 



2. Stiffness: 

25 Test specimens for measuring Young's modulus and tensile yield strength were prepared by extrusion 
molding the pellets obtained into a sheet of 60 cm wide and 0.4 mm thick and cutting the sheet to a 
prescribed size. Young's modulus .and tensile yield strength each was determined on two specimens per 
sample, one for the machine direction (MD) and the otiier for transverse direction (TD), in accordance with 
ASTM D 882. and the measured values were averaged. The higher tiie Young's modulus and tensile yi Id 

30 strength, the higher the stiffness. 



3. Heat Distortion Resistance: 

35 Pellets were injection molded to prepare specimens of 130 mm long, 13 mm wide, and 6.5 mm tfiick. A 
heat distortion temperature of ttie test specimen was determined in accordance with JIS K7207 (toad: 4.6 
kgf^cm^ to evaluate high distortion resistance. The higher ttie heat distortion temperature, tiie higher the 
heat distortion resistance. 

40 

4. Impact Resistance: 

Pellets were extrusion molded into a sheet of 60 cm wide and 0.4 mm ttiick, and ttie sheet was cut to 
prepare a specimen having a prescribed size. A punching impact strength of tiie test specimen was 
45 determined in accordance with ASTM D 781 to evaluate impact resistance. The higher tiie punching impact 
strength, the higher the impact resistance. 



PREPARATION EXAMPLES 1 TO 3 

50 

Preparation of Crystalline Propylene Homopolymer 
1 ) Preparation of Catalyst 

55 n-Hexane (600 ml). 0.50 mol of diethylaluminum monochloride (DEAC), and 1.20 mol of diisoamyl ether 
were mixed at 25'C for 1 minute, and the mixture was allowed to react at that temperature for 5 minutes to 
obtain reaction mixture (vi) (diisoamyl etiier/DEAC molar ratio = 2.4). In a reactor whose atmosphere had 
been replaced with nttrog n was put 4.0 mol of titanium tetrachloride and heated to 35**C. The whole 
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amount of the reaction mixture (vi) was~add8d thereto dropwise over a period of 180 minutes. The mixture 
was kept at 35°C for 30 minutes and then heated up to TS^'C at which the reaction was further continued for 
an additionai 1 hour. Aft r cooling to room temperature (20*'C), the supematant liquor was removed, and 
4000 ml of n-hexane was added to the residue, followed by-decantation to remove the supematant The 

5 addition of n-hexane and th subsequent decantation were repeated four times to obtain 190 g of a solid 
product (if). The whole amount of the solid product (ii) was suspended in 3000 ml of n-hexane. and to the 
suspension were added 160 g of diisoamyl ether at 20°C and then 350 g of titanium tetrachloride at room 
temperature over a period of about 1 minute, followed by allowing the mixture to react at 65**C for 1 hour. 
After completion of the reaction, the reaction mixture was cooled to room temperature, and the supematant 

70 liquor was removed by decantation. To the residue was added 4000 ml of n-hexane, the mixture stinred for 
10 minutes followed by allowing to stand, and the supematant removed by decantation. The addition of n- 
hexane and the decantation were repeated five times, and the final residue was dried under reduced 
pressure to obtain a solid product (n\). 

IS 

2) Preparation of Preactivated Catalyst 

In a 20 I-volume stainless steel-made reactor equipped with tilted wings whose atmosphere had been 
displaced wrtii nitrogen gas were added 15 I of n-hexane, 42 g of DEAC, and 30 g of the solid product (iii) 
20 prepared in 1) abowe at room temperature, and 15 NI of hydrogen was introduced therein, fblbwed by 
reacting for 5 minutes at a propylene partial pressure of 5 kg/cm^G. The unreacted propylene, hydrogen, 
and n-hexane were removed under reduced pressure to obtain a preactivated catalyst (vii) as a powder 
[propylene reaction weight 82,0 g per gram of ttie solid product (iii)]. 

25 

3) Homopoymerization of Propylene: 

' In a 50 1-volume polymerization vessel whose atmosphere had been replaced with nitrogen gas were 
charged 20 1 of dried n-hexane, 8 g of DEAC, 2 g of the above-obtained preactivated catalyst (vii). and 2.2 

30 g of methyl p-toluylate, and hydrogen was introduced therein, followed by maintaining tiie system at TO'^C. 
Propylene was then fed to tiie vessel, and polymerization of a first stage was earned out at 70'*C under a 
pressure of 10 kg/cm^G with the hydrogen concentration in tiie gas phase being adjusted to 11 mol% 
(Preparation Example 1). 5 mol% (Preparation Example 2) or 14 mol% (Preparation Bcample 3). When tiie 
amount of tiie produced polymer reached 3 kg, the propylene feed was stopped. After cooling ttie reaction 

35 system to room temperature, hydrogen and tiie unreacted propylene were driven out of the reaction vessel. 
A part of the polymerization slurry was witiidrawn and determined for hit, and a titanium content was 
determined by X-ray fluorometry to obtain a polymer yield per unit weight of the catalyst 

The inner temperature of the polymerization vessel was again heated up to TO^'C to effect polymeriza- 
tion of a second stage under a polymerization pressure of 10 kg/cm^ with the hydrogen concentration in 

40 the gas phase being adjusted to 0.4 mol% (Preparation Example 1). 0.07 moi% (Preparation Example 2) or 
0.08 moi% (Preparation Example 3). When the amount of the polymer produced in the second stage 
reached 3 kg, the propylene feed was stopped. After cooling to room temperature, hydrogen and the 
unreacted propylene were released out of the system. A part of the polymerization slurry was withdrawn to 
determine h}r and titanium content in tiie polymer by X-ray fluorometry to obtain a polymer yield per unit 

45 weight of the catalyst 

A weight ratio of the polymer produced in ttie first stage to that produced in the second stage was 
calculated, and tiie intrinsic viscosity of the polymer portion produced in the second stage [iilz was obtained 
tiirough calculation. 

To the resulting polymerization slurry was added 5 1 of methanol, followed by stirring at 90** 0 for 30 
50 minutes. Then, 40 ml of a ^ % aqueous solution of sodium hydroxide was added tiiereto. followed by 
stim'ng for 20 minutes. After cooling to room temperature, the reaction slurry was washed three times with 5 
I portions of water and filtered. The filtrate was dried to obtain a white polymer powder. The resulting 
propylen homopolymer was designated as Polymer A, B, or C, respectively. The analytical results of 
Polymers A, B. and C are shown In Table 1, wherein h]i is and ^Jh is h^. 
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TABLE 1 



10 



IS 



20 



ss 



30 



35 



1st Stage; 

[Till (dl/g) 

Polymerization 
Ratio (wt%) 

2nd Stage; 

[nlj (dl/g) 

Polymerization 
Ratio (wt%) 

Total Polymer; 

P 

HFR (g/10 min) 

HMFR (g/10 min) 

logHMPR - 

0.9221og MFR 

[iiIt (dl/g) 
[nlH-tnli. (di/g) 



Preparation Preparation Preparation 
Example 1 Example 2 Example 3 



1.95 
47 



5.10 
53 

Polymer A 
0.967 
0.44 
13.5 
1.46 

3.62 
3.15 



2.10 
49 



5.96 
51 

Polymer B 
0.962 
0.28 
11.2 
1..56 

4.07 
3.86 



1.15 
53 



5.87 
47 

Polymer C 
0.969 
0.62 
22.4 
1.54 

3.37 
4.72 



PREPARATION EXAMPLES 4 TO 6 

Preparation of Crystatline Ethylene-Propylene Block Copolymer 
1) Preparation of Catalyst: 



46 



so 



55 



n-Hexane (6 I), 5.0 mol of OEAC, and 12.0 mol of dlisoamyl ether were mixed at 25° C for 5 minutes, 
followed by allowing the mixture to react at that temperature for 5 minutes to obtain a reaction mixture (vi) 
(diisoamyl ether/DEAC molar ratio » 2.4). In a reactor whose atmosphere had been replaced with nitrogen 
was charged 40 mol of titanium tetrachloride, followed by heating to aS'C. The whole amount of the 
reaction mixture (vi) was added thereto dropwise over a period of 3 hours, kept at the same temperature tor 
30 minutes, and heated up to TS'C at which the reaction was continued for an additional one hour. After 
cooling to room temperature (20"C). the supernatant liquor was removed. To the residue was added 30 t of 
n-hexan . followed by decantation to remove th supernatant The addition of n-hexane and the decantation 
were repeated four times to obtain 1 .9 kg of a solid pnxiuct Oi)- The whole amount of the solid product (ii) 
was suspended in 30 I of n-hexane, and to the suspension were added 1.6 kg of diisoamyl ettier at 20 "C 
and then 3.5 kg of titanium tetrachloride at room temperature over a period of atwut 5 minutes, followed by 
allowing the mixture to react at 65'C for 1 hour. After completion of the reaction, the reaction mixture was 
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cooled to room temperature, and the supernatant liquor was removed by decantation. To the residue was 
added 30 I of n-hexane, the mixture stinred for 15 minutes followed by allowing to stand, and the 
supernatant liquor removed. The addition of n^-hexane and removal of the supematant liquor were repeated 
5 times, and the final residue was dried under reduced pressure to obtain a solid product (iii). 

5 

2) Preactivation of Catalyst - 

In a 50 l-volume vessel were charged 40 1 of n-hexane, 850 g of DEAC, 360 g of the solid product fiii) . 
10 obtained In 1) above, and 3.8 g of methyl p-toluylate, and 180 g/hr of propylene gas was fed thereto for 2 
hours while stirring at SO^'C to effect preactivation of the catalyst 

3) Preparation of Ethylene-Propylene Block Copolymer: 

15 

Rrst Stage: 

In a 150 l-volume first polymerization vessel were continuously fed 26 l/hr of n-hexane, 240 ml/hr 
(Preparation Examples 4 and 5) or 120 ml/hr (Preparation Example 6) of the preactivated catalyst slunry as 

20 prepared in 2) abowe, and methyl p-toluylate in an amount of 1 g per gram of the solid product (iii) in the 
catalyst slurry. Propylene was fed to the first to thinj polymerization vessels each having a volume of 150 t 
to perform polymerization under temperature and pressure conditions shown in Table 2 below, wherein the 
1st. 2nd. and 3rd stages of the first step conraspond to the polymerization reactions in the 1st 2nd, and 3rd 
polymerization vessels* respectively. 

25 In Preparation Example 4, when propylene was fed in such a manner that the gas phase in the 1st 
vessel had a hydrogen concentration of 5.9 mol%. the hydrogen concentration in the 2nd and 3rd vessels 
were found to be 0.65 mol% and 0.069 mol%. respectively. In Preparation Example 5, when propylene was 
fed. so that the hydrogen concentration of the gas phase in the 1st vessel became 14.5 mol%, those in the 
2nd and 3rd vessels were found to be 1.0 moi% and 0.10 moi%, respectively. In preparation ExampI 6. 

30 when propylene was fed so that the hydrogen concentration of tiie gas phase in the 1st vessel became 2.1 
mol%, tiiose in the 2nd and 3rd vessels were found to be 0.41 moI% and 0.046 mol%, respectively. The 
polymerization ratio and MFR of tiie 1st to 3rd stage were as shown in Table 2. During the polymerization, 
the liquid levels in tiie 1st to 3rd vessels were controlled to 80 vol% by means of a control valve. 

35 

Second Step: 

The slurry containing polymer particles withdrawn from the 3rd polymerization vessel was degassed in 
a vacuum chamber at OO^'C and 0.5 kg/cm% and then forwarded to a 150 t-volume 4th polymerization 

40 vessel by means of a pump. Etiiyiene was then fed to the 4tii vessel at a feed rate of 600 g/hr at OO^'C 
while controlling tiie hydrogen concentration of the gas phase at 10 mol%, and propylene and hydrogen 
were fed so that the gas phase had an ethylene ratio of 0.40 based on the to^ of ethylene and propylene 
to continue polymerization reaction. The polymer slurry withdrawn from the 4th vessel was forwarded to a 
degassing chamber and, after deactivation of the catalyst with methanol, neutralized with a 20 % sodium 

45 hydroxide aqueous solution, washed with water, separated, and dried to obtain an ethylene-propylene block 
copolymer as a white powder in a yield of about 6.5 kg/hr. The resulting block copolymer was designated 
as Polymer D, E, or F, respectively. The analytical results of Polymers D to F as well as those of Vhe 
polymer portions produced in the 1st and 2nd step are shown in Table 2. ~ 

50 



55 
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TABLE 2 

Pr paration Preparation Preparation 
Example 4 Example 5 Example 6 

First Step; 
First Stage: 



Temperature (®C) 


70 


70 


70 


Pressure (kg/cm^G) 


6 


4 


. 6 


Gas Phase H2 
Concn. (mol%) 


5.9 


14.5 


2.1 


MPRj (g/10 min) 


14.8 


62.0 


7.5 


W, (wt%) 


33 


32 


35 


Second Stage: 








Temperature {°C) 


70 


60 


70 


Pressure { kg/cm^G ) 


8 


8 


8 


Gas Phase H2 
Concn. (mol%) 


0.65 


1.0 


0.41 


VSE^^ (g/10 min) 


0.55 


0.45 


0:45 


W2 (wt%) 


34 


34 


33 


Third Stage: 








Temperature (^C) 


70 


50 


70 




10 






Gas Phase H2 
Concn. (mol%) 


0.069 


0.10 


0.046 


MFR3 (g/10 min) 


0.009 


0.006 


0.015 


W3 (wt%) 


33 


34 


32 


logMPRi/MPR2 


1.4 


2.1 


1.3 


logMPR2/MFR3 


1.8 


1.9 


1.4 


P 


0.976 


0.980 


0.975 


MFRi+2+3 (g/10 min) 


0.42 


.0.50 


0.41 
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TABLE 2 (cont'd) 
Preparation Preparation Preparation 



Example 4 Example 5 Example 6 

Second Step; 

Gas Phase H2 10 10 10 
Concn. (mol%) 

MPR (g/10 min) 0.10 0.12 0.16 

RCCl * (wt%) 64 64 64 

W** (wt%) 13.4 13.3 13.5 

Total Polymer: Polymer D Polymer E Polymer F 

MFR (g/10 min) 0.37 0.38 0.35 

TCI *** (wt%) 8.6 8.5 8.7 



Note: *: Ethylene content in the polymer portion- 
produced in the second step. 
**: Proportion of the polymer portion produced in 
the second, step in the total polymer. 
***: Ethylene content in the total polymer. 

EXAMPLES 1 TO 3 AND COMPARATIVE EXAMPLES 1 TO 6 

To 100 parts of each of Polymers A, B, and 0 obtained in Preparation Examples 1 to 3 were added 
sodium 2,Z-methylenebis(4,6-dl-t-butylphenyl)phospiiate as a nucleating agent and other additives in the 
proportions shown in Table 3, and the mixture was stirred in a Henschel mixer (trademark) for 3 minutes 
and meit-kneaded in a single-screw extruder (diameter 40 mm) at 200''C to obtain pellets. For comparison, 
pellets were prepared in the same manner as descrit)ed above, except for excluding the nucleating agent as 
used above ((Comparative Examples 1 to 3), or using Polymer A and replacing the nucleating agent as used 
above witii other nucleating agent as shown in Table 3 (Comparative Examples 4 to 6). 

Post-processability of sheet stiffness, and heat distortion resistance of the resulting polymer corfiposi* 
tions were evaluated in accordance with tiie above-described test methods. Sheet specimens for evaluating 
post-processability and stiffness were prepared by extruston molding the pellets at a resin temperature of 
250*'C. Specimens for evaluating heat distortion resistance were prepared by injection molding tiie pellets 
at a resin temperature of 250*'C and a mold temperature of 50*C. The results obtained are shown in Table 
3. 



EXAMPLES 4 TO 6 AND COMPARATIVE EXAMPLES 7 TO 12 

To 100 parts of each of Polymers A, B. and C prepared in Preparation Examples 1 to 3 were added 
sodium 2,2'-methylenebis(4,6-di-t-butylphenyl)phosphate as a nucleating agent, a fine talc powder having an 
av rag partici size of from 2 to 3 (im as an inorganic filter, and other additives in tiie proportion shown in 
Table 4, and the mixture was stinred in a Henschel mixer (trademark) for 3 minutes and melt-kneaded in a 
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singie-screw extruder (diameter 40 mm) at 200*C to obtain pellets. For comparison, pellets were obtained 
in the same manner as described above, except for excluding the nucleating agent as used above 
(Comparative Examples 7 to 9), or using Polymer A and replacing the nucleating agent as used above with 
other nucleating agent as shown Table 4 (Comparative Examples 10 to 12). 

5 The resulting p llets were extrusion molded at a resin temperature of 250**C into a sheet for evaluation 
of post-processabillty and stiffness. Further, the pellets were injection molded at a resin temperature of 
250**C and a mold temperature of 50*C to prepare specimens for heat distortion testing. Post-processability 
of sheet stiffness, and heat distortion resistance of the resulting polymer compositions were evaluated in 
accordance with the above-described test methods using the thus prepared sheets or specimens, and the 

70 results obtained are shown in Table 4. 



EXAMPLES 7 TO 9 AND COMPARATIVE EXAMPLES 13 TO 18 

IS To 100 parts of each of Polymers D, E, and F prepared in Preparation Examples 4 to 6 were added 
sodium 2^-methylenebis(4.6-di-t-butylphenyi)phosphate as nucleating agent and other additives in the 
proportions shown in Table 5, and the mixture was stinred in a Henschel mixer for 3 minutes and then melt- 
kneaded at 200'C in a single-screw extruder (diameter 40 mm) to obtain pellets. For comparison, pellets 
were prepared in the same manner as described above, except for excluding the nucleating agent 

20 {Comparative Examples 13 to 15), or using Polymer D and replacing the nucleating agent as used above 
with other nucleating agent as shown in Table 5 (Comparative Examples 18 to 18). 

The pellets were extrusion molded at a resin temperature of 250"* C to prepare a sheet for evaluating 
post-processability, stiffness, and impact resistance. Further, the pellets were Injection molded at a resin 
temperature of 250" C and a mold temperature of 50" C to prepare a specimen for heat distortion testing. 

25 Using the resulting sheets or speciments, post-processability of sheet stiffness, heat distortion resistance, 
and impact resistance were evaluated in accordance with tiie above-described test metiiods. The results 
obtained are shown in Table 5 below. 



30 EXAMPLES 10 TO 12 AND COMPARATIVE EXAMPLES 10 TO 24 

To 100 parts of each of Polymers D, E, and F prepared in Preparation Examples 4 to 6 were added 
sodium 2,2'-metiiy!enebis(4,6-di-t-butylphenyl)phosphate as nucleating agent a fine talc powder having an 
average particle size of from 2 to 3 um as inorganic filler, and other additives in ttie proportions as shown in 

35 table 6. and ttie mixture was stinred in a Henschel mixer for 3 minutes and tiien melt-kneaded in a single- 
screw extruder (diameter 40 mm) at 200*^0 to obtain pellets. For comparison, pellets were obtained in the 
same manner as described above, except for excluding tiie nucleating agent (Comparative Examples 19 to 
21), or using Polymer D and repladng tfie nucleating agent as used above witti other nucleating agent as 
shown In Table 8 (Comparative Examples 22 to 24), 

40 The pellets were extrusion molded at a resin temperature of 250^*0 to prepare a sheet for evaluating 
post-processability, stiffness, and impact resistance. Furtiner. ttie pellets were injection molded at a resin 
temperature of 250-0 and a mold temperature of 50** C to prepare a specimen for evaluating heat distortion 
resistance. Using the resulting sheets or specimens, post-processability of sheet, stiffness, heat distortion . 
resistance, and impact resistance of the polymer compositions were evaluated in accordance with the 

45 above-described test metiiods. The results obtained are shown in Table 6, 

In Tables 3 through 6, the compound and additives used in the propylene polymer compositions are as 
follows. 

Compound (I): Sodium 2j2'-metiiylenebis(4,6-di-t-butyl-phenyl)phosphate ("MARK NA-ir produced by 

Adeka Argus (Siemical Co., Ltd.) 
50 Nucleating Agent 1 : Aluminum p-t-butylbenzoate 

Nucleating Agent 2: U3,2«4-Diben2yliden sorbitol 

Nucleating Agent 3: Sodium bis(4-t-butylphenyl)phosphate 

Phenolic Antioxidant 1: 

2,6-di-t-butyl-p-cresoI 
55 Phenolic Antioxidant 2: 

Tetrakis[metiiylene-3-(3'.5'-di-t-butyl-4'-hydroxyphenyl)propionate]methane 

Phosphorus Antioxidant 1: 

Tetrakis(2,4-di-t-butylphenyl)-4,4'-biphenyl ne-diphosphonite 
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Phosphorous Antioxidant 2: 
Bis(2,4-di-t-butylphenyl)pentaerythritoi-diphosphite 
Ca-St Calcium stearate 

Inorganic Rller: Talc (average particle size: 2 to 3 um) 
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The propylene polymer compositions of Examples 1 to 3 and 7 to 9 comprise the crystalline propylene 
homopolymer (Examples 1 to 3) or crystalline ethylene-propylene block copolymer (Examples 7 to 9) 
whose molecular weight distribution and isotactic pentad ratio fail within the respective range as specified 

5 by the present invention and the phosphate compound represented by fomiula (I), while those of 
Comparative Examples 1 to 3 and 13 to 15 hav th same compositions as those of Examples 1 to 3 and 7 
to 9, respectwely. except for containing no organic nucleating agent 

it can be seen from Tables 3 and 5 that the sheets obtained from the compositions of Examples 1 to 3 
and Comparative Examples 1 to 3 exhibit substantially equal post-processabillty of a sheet, whereas the 

70 effects on improving stiffness and heat distortion resistance attained in (Comparative Examples 1 to 3 ar 
not still sufficient The similar considerations can be derived by comparing Examples 7 to 9 with 
Comparative Examples 13 to 15. 

In Comparative Examples 4 to 6 or Comparative Examples 16 to 18, an organic nucleating agent other 
than the phosphate compound of formula (I) according to the present invention was respectively incor- 

75 porated Into each of the compositions of Comparative Example 1 and Comparative Example 13 in order to 
improve stiffness and heat distortion resistance. As compared with the compositions of Examples 1 to 3 or 
Examples 7 to 9, stiffness and heat distortion resistance of the compositions of Comparative Examples 4 to 
8 or ODmparative Examples 18 to 18, respectively, are still unsatisfactory, alttiough considerably improved 
over the compositions of Comparative Examples 1 to 3 or Comparative Examples 13 to 15. respectively. 

20 It was also confimned tiiat the compositions of Examples 7 to 9 accomplished an improvement of 
stiffness without suffering deterioration in impact resistance, sufficientiy standing comparison with Compara- 
tive Examples 16 to 18. 

Thus, Uie propylene polymer compositions according to ttie present invention proved markedly 
excellent in stiffness and heat distortion resistance due to significant synergistic effects produced by the 
25 combination of tiie phosphate compound of formula (I) and the crystalline propylene polymers having a 
specific molecular weight distribution and a specific isotactic pentad ratio. 

The same effects as in Examples 1 to 3 and 7 to 9 can also be ol>served in Bcamples 4 to 6 and 10 to 
12 in which the corresponding propylene polymer composition further contains tate as inorganic filler. 

As described above, the propylene polymer compositions according to the present invention are greafly 
30 superior in post-processability of sheet stiffness, and heat distortion resistance as compared witii tii 
conventional compositions comprising a crystalline propylene homopolymer or crystalline ethylene-pro- 
pylene block copolymer and a known nucleating agent 

While the invention has been described in detail and with reference to specific embodiment thereot it 
will be apparent to one skilled in the art tiiat various changes and modifications can be made ttierein without 
35 departing from the spirit and scope tiiereof. 



Claims 



40 1- A high stiffness propylene polymer compo^on comprising 100 parts by weight of a crystaJlin 
propylene homopolymer obtained by polymerizing propylene in at least two stages in such a manner that 
from 35 to 65% by weight of the total polymer is produced in ttie first stage and from 35 to 65% by weight 
of tiie total polymer is produced in the second and subsequent stages, ttie polymer portions produced in 
tiie respective stages having an intrinsic viscosity h] which satisfies relationship (1): 

46 3.0 S h]H -IijIl :S 6.5 (1) 

wherein [i;]h is an intrinsic viscosity of a polymer portion having the highest molecular weight and hit is an 
intrinsic viscosity of a polymer portion having the lowest molecular weight 

and tiie isotactic pentad ratio (P) of ttie total polymer and ttie melt flow rate (MFR) of ttie total polymer as 
measured at 230**C under a load of 2.16 kg which satisfy a relationship (2): 
50 1 .OU i P ^ 0.01 5 logMFR + 0.956 (2) 

and from 0.01 to 1 part by weight of a phosphate compound represented by formula (I): 
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wherein R. represents a ^ngle bond, a sulfur atom or an alkyltdene group having from 1 to 4 cartoon atoms; 
Ra and Rs, which may be the same or different each represent a hydrogen atom or an alkyl group having 
from 1 to 8 carbon atoms; M represents a mono-to trivalent metal atom; and n represents an integer of from 
1 to 3. 

2. A high stiffioess propylene polymer composition as claimed in claim 1. wherein said crystalline 
propylene homopotymer has a melt flow rate of from 0.01 to 10 g/10 min. 

3. A high stiffness propylene polymer composition as claimed fn claim 1. wherein said crystalline 
propylene homopolymer has a meK flow rate of from 0.03 to 2.0 g/10 min. 

4. A high stiffness propylene polymer composition as claimed in claim 1, wherein said crystallin 
propylene homopolymer has a high melt flow rate (HMFR) as measured at 230''C under a load of 10.80 kg 
and a melt flow rate (MFR) which satisfy relationship of (4): 

logHMFR - 0,922logMFR ^ 1 .44 (4) 

5. A high stiffness propylene polymer composition as claimed in claim 1. wherein said phosphate 
compound is sodium 2^-methylenebis(4,6-dl-t-butylphenyl)phosphate. 

6. A high stiffness propylene polymer composition as claimed in claim 1. wherein said composition 
further comprises an inorganic filler. 

7. A high stiffness propylene polymer composition as claimed in claim 6, wherein said Inorganic filler is 

talc. 

8. A high stiffness propylene polymer composition as claimed in clam 7. wherein said talc is present in 
an amount of from 3.5 to 25 parts by weight per 100 parts by weight of the crystalline propylene 
homopotymer. 

9. A high stiffness propylene, polymer composition as claimed in claim 7, wher^'n said talc is present in 
an amount of from 5.0 to 20 parts by weight per 100 parts by weight of the crystalline propylene 
tomopolymer. 

10. A high stiffness propylene polymer composition as claimed in claim 7, wherein said talc has an 
average particle size of not more than 5 um. 

11. A high stiffness propylene polymer composition comprising 100 parts by weight of a crystalline 
ethylenei>ropylene block copolymer obtained by copolymerization in two steps in such a manner that in the 
first step propylene or a mixture of propylene and not more than 1% by weight of ethylene is polymerized 
in at least three stages, with a polymer (A) mainly comprising propylene produced in the first step 
occupying from 60 to 95% by weight of the total polymer, and subsequently in the second step ethylene or 
a mixture of propylene and not less than 10% by weight of ethylene is polymerized in one or more stages, 
with a polymer (B) mainly comprising ethylene produced in the second step occupying from 5 to 40% by 
weight of the total polymer, said ethyleneiJrcpylene block copolymer having an ethylene content of from 3 
to 20% by weight based on the total polymer, each polymer portion produced in each stag of the first step 
having such a molecular weight that the melt flow rate (MFR) as measured at 230''C under a load of 2.18 
kg satisfies relationship (3): 
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wherein MFR„ is an MFR of a polymer porSon produced in the nth stage; and MFRn*i is an MFR of a 
polymer portion produced in the (n'>*1)th stage, and the polym r (A) produced in the first step having an 
isotactic pentad ratio (P) and an MFR which satisfy relationship (2): 

1.00 S P S 0,015 logMFR + 0.955 (2) 
and 0.01 to 1 part by weight of a phosphate compound represented by fonnula (I): 



wherein R, represents a single bond, a sulfur atom or an alkylidene group having from 1 to 4 carbon atoms; 
Ri and Rs, which may be the same or different each represent a hydrogen atom or an alkyi group having 
from 1 to 8 carbon atoms: M represents a mono-to trivalent metal atom; and n represents an integer of from 
1 to3, 

12. A high stiffness propylene polymer composition as claimed in claim 11, wherein said crystalline 
ethylene-propylene block copolymer has a melt ftow rate of from 0.03 to 50 g/10 min. 

13. A high stiffness propylene polymer composition as claimed in claim 11. wherein said crystalline 
ethylene-propylene block copolymer has a melt flow rale of from 0.05 to 10 g/min. 

14. A high stiffness propylene polymer composition as claimed in daim 11. wherein said crystallin 
ethylene-propylene block copolymer has a melt flow rate of from 0.10 to 5.0 g/10 min. 

15. A high stiffness propylene polymer composition as claimed in claim 11, wherein said phosphate 
compound in sodium 2*2'-methylenebis(4,6-di-t-butylphenyl)phosphate. 

16. A high stiffness propylene polymer composition as claimed in claim 11, wherein said composition 
further comprises an inorganic filler. 

17. A high stiffness propylene polymer composition as claimed in claim 11, wherein said inorganic filler 
is talc. 

18. A high stiffness propylene polymer composition as claimed in claim 17, wherein said tak: is present 
in an amount of from 3.5 to 25 parts by weight per 100 parts of the crystalline ethylene-propylene block 
copolymer. 

19. A high stiffness propylene polymer composition as claimed in claim 17, wherein said talc is present 
in an amount of from 5.0 to 20 parts by weight per 100 parts by weight of the crystalline ethylene-propyl ne 
block copolymer. 

20- A high stiffness propylene polymer composition as claimed in claim 17. wherein said talc has an 
average particle size of not more than 5 um. 
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